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chapter I 

IfJThui WflOh 



It is obviously impossible tc make direct observations of 
nuclear particles because of their extrerely small dimensions, 
but tu&r.y experimental ethods for studying these particles are 
available to the world of physics. Although these -'ethods pro- 
vide only indirect information, they do afforo. numerous oppor- 
tunities. both to develop and to confirm theories purporting to 
explain the nature of nuclear properties. The study of nuclear 
cross sections is one such line cf attack. 

If a thin sample of a given element of thickness av 
measured in nunber of tto-.c y. r unit -rea is interposed into the 
path of a bean, of neutrons, the number of neutrons that will be 
deflected from their paths will be proportional to the nu ber of 
incident neutrons, H, and the tfaicknasr, of the sample, at. 

Bonce A’ : * (-)^fZAT^ where is a proportionality factor 
called the total cross section. Its units are area por atom. 

it-h the use of standard differential equation techniques, it 
can be show easily that <T% * (l/v)ln l* 0 /K v ) where li Q is the 
number of neutron^ incident upon the sample, and N y is the 
attenuated number of undeflected neutrons at thickness v. Ihc 
expn; i^ent 1 tceasuremonts of cross sections in support of this 
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thesis were * coon; 11 st'ii'it by inserting _a-jle r* of the •. le*er,t 
lor cot. jotma/ of interest into the \ »th of .. colli ted bea>„ of 
neutronu. uo%paii«on of Cue count of neutrons with no saaple 
inserted, * c , with the count when a aawplo of thicknt*r v wee 
inserted, yielding & v , frovidea, by wear* a of the above for.ul , 
an experiments* value of the totnl cross section, <r t* 

latt and eie. kopf d«. ino the cro&s ^ectio* of a rection 

U):* 

/<— - ;r of events of g tver. type/unit nucleus , , s 

° ~uaber of incident particlo'o/unit '^rc'-./unit fits® ^ A/ 

This <f~ ia cl-arly proportion.! to the probability of the piv 
type of event taking jlace, ami <T% is proi.ortlon.al to the sum 
of tha instabilities of all the po* ' JLble nuclear events, i uny 
different >v«nta are possible; gkq n*. th'.- are elastic scatter- 
iap of neutrons, irolastic se&itsri** of neutrons, and capture 
of neutrons, the cross sections sse.‘»sured herein .are actually 
total cross sections, but in the enejgy regions observed elastic 
scattering, of neutrons was the over -ueiaiinuiy predominant ©vent. 

hen the value of is aeasured for various energies of 
incident neutrons, peaks in the cress section curve are ob- 
served. iheco peaks lend valleys in costs cases) *rs Cilied 
roscn-nceu. meir existence la not anticipate*,. freu. ar.y theory 
of classic ii -.chanics. by the cathode of wave or .uantua 



•* 

of orence number© in p< ronthei.es refer to numbered 
r f^rencc. in the bibliography. 
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mechanics, Jhreit anti ■ ipner have explained the occurrence of 
such resonances (2). The resonances occur in the case of elastic 
scattering of neutrons when the energy of the compound nucleus 
(original nucleus plus inconin. neutron correspond* to a dis- 
crete quantum state. 

*he basic equations of the Breit- ipner one-ievel formula 

are: 



C\2 



v2> l?fJ COS 2kh 

res E 7^ "p 7FY- 

- ° )2 *(§) 



tfTnt • W* U ~ fcpi ? aln 2icil 



u- „,a . (f) 



^pot 4 4 tt^ 2 sin 2 ki. » 4 TTa 2 



(2) 



(3} 



( 4 ) 





{ 5 ) 



where cT^ z is the resonance cross section term, <7”pot ia 
approxi' .'tely the cross section which ould be observed if the 
actual nucleus ore replaced ty m> impenetrable spheie of radius 
a, and ^Tnt an interf e: ence tern resulting fror* the wave 
properties of the neutron. A is the Dirac wave length of the 
incoci”''" neutron, k is the wave number of the incoming neutron, 
l is the energy of the incoming neutron, ; 0 la the resonant 
onergy, T is the width of the resonance at one-half of the 
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maxiiKUfii value of the resonance, and g la a statistical factor, 
g = (2J * 1)/(2I * l}(2a * 1), J is the total angular -o»entu» 
quantuu number of the compound nucleus, I is the spin of the 
target nucleus, and a is the spin of the neutron (l/2). 

'.hero is no known theory which will predict the energies 
( 0 ), widths (D, or quantum numbers (J) of the compound states 
of any nucleus. f forts to calculate average level spa tings 

hv ve so far yielded only qualitative success. The complex 
potential -odel (3) predicts the ratio of the average spacing 
to tho average width. The Broit- igner theory provides the 
basis for determining the quantum nuauers and widths from ob- 
served cross aection curves when well separated resonances are 
observed. 

In these experiments protons (accelerated by the k hov Van 
de wraaff accelerator at Luke University} bombarded a lithium 
target. The reaction which occurs abova a threshold of l#** kev 
of proton energy in the laboratory systen, produces neutrons <nd 
berylliu' {le? ) • ith the apparatus used in thcD® experiments the 
overage energy spread of neutrons so obtained was reasonably 
email (of the order of 1 kev). The exact character of tho onorpy 
distribution, however, was unknown. Nevertheless, it i* possible 
to eke some reasonable assumptions in regard to energy distri- 
bution which simplify analysis of experimental data. In general, 
action taken to decrease the energy str of the neutron bee® 
tends to decrease the intensity of the beau. compromise io 
therefore nececasry between bo intensity anu energy homogeneity. 



Ybe principle obj ctive in these experts- nt a end their 
analyses h»* been to overcome tiw lac of knoled^e of neutron 
energy spread *nd analyse toe 3 kev and t he 53 kev resonances in 
odius end the 27 kev, the V) k«v, and IOC kev resonances of 
fluorine by .can* of traaerJLasion experiments in or-er to 
determine the viuantua nuahors of the states associated with the 
resona* ces ar.cl in order to determine tne widtna ( r } of the 



resonances 



Chapter II 

ilh CkiiTI.;.. 0: r.Xl't- .XTlL .UrtU. 

The apparatUi used ecn stated of a Van da raaff * lectroet«tic 
Caner. tor, a (..agnatic analyser, a cylindrical electrostatic 
analyser, a lithium target, a ^elsyn operated sac pie hclver, «• 
water-filled tank with a neutron colliastinf cavity, and boron 
trifluoride (EFj) counters. Figure 1 shows an overall picture 
of the experimental apparatus; Flpuro 2 shows the water tank; and 
Figure 3 shows the* sample holder. 

The output of the Van do Graaff acceler tor consisted of 
hydrogen ions (protons), ionised hydrogen reolecules, and im- 
purities. Ihe first selection in regard to type of particle was 
ecco .pli-shcd by a aagnetic analyser hich deflected the proton 
beam 1S° in the horizontal plane end separated protons froa 
other particles which were deflected by angles considerably 1 ss 
then 1S°. The strength of th© proton fce«:« in this eegsont of 
the apparatus vs about 25 to 50 • icroa- peres. 

Principal energy analysis was accomplished in the electro- 
static analyzer which deflected the proton bee* through an 
additional horizontal angle of 90°. By this s&ean9 energy 
resolution wee improved to the oruer of v .05, , but been strength 
was reduced to a few microamperes. 
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. rotons eeer,.ing fro:. the electrostatic analyser bombarded 
a thin lithium target . The target Kao prepared by soldering 
platinu: foil, which was two mils thick, to one end of a silver 
tube. I latinus and silvor were used because their resonances 
are quite narx'ow and their use prouuces unifora and generally 
ne, lipible effects on the experiments. 1 flange -as soldered 
to the other end of the tube. The tu e, which was three inches 
in length and three-quarters of an inch in diameter, was made 
of tubing of 9 lie in thickness. The tax*get tube was 
positioned in an evacuated bell jar, and lithium wjs heated by 
electricity and evaporated onto the inner side of the platinum 
end plate. A brass shim stock liner was temporarily insetted 
during the evaporation process to avoid coating the tides of 
the tube with lithium, bpon restovai of the target, from the 
bell Jar, its flange was bolted to the end of the proton beam 
colli -ating, tube as rapidly as possible and immediately put 
under vacuum, k cnsrcoal trap cooled by liquid air was used 
near tie lithium target to improve the vacuum and help main- 
tain the target’s purity. 

The thickness of the lithiuss coating was a compromise be- 
tween neutron yield and neutron energy spread. An arbitrary 
standard thickness of bismuth was used to test the target for 
lithium coating thickness and neutron yield. *> transmission 
ratio of about 50 at the 12 Kev jresonanco of bismuth with a 
neutron counting rate of about 30C0 per inute wao determined 
by exj erleace to be a . ood criterion for target acceptar.ce. 



The samples of the various aubst-nces etuuied were rounted 
on a spoke-like sample holding device which was remotely con- 
trolled at the control panel by . elayns (see rirure 3)» .’his 
ar raRi<a»ent was used for reasons of safety enu economy of ti-e. 
The neutron flux in the vicinity of the target nnd the sa. pies 
predicated a remote control system in crcer to avoid over- 
exposure of experimenters to radiation* The * oke-like arr me- 
«K«nt permitted the sirault-neoua study of several thicknesses of 
the sane material or ever^l diffei’ent aubst :»jces at each 
energy. n indicator li^ht at the control panel showed which 
aa pie was in place for a run. The sample holder was mounted 
in sue}; a manner that the sample* when in place, lay between 
the proton focal point on the lithium target and the neutron 
counting device. 

A wetei tank shield was used to limit the angles through 
which neutrons were accepted for counting; this Halted the 
neutron energy spread for a pi van proton energy. Ihe water tank 
••as so constructed that neutrons were accepted betueen 121° and 
123° in the vertical plane measured from the proton beat path and 
10° in traverse to each side. A means of detonalnin^ neutron 
energy was thus effected, since, for a given proton energy in 
the laboratory system, neutron energy is a function of this 
on* le in the vertical plane. The purpose of the water surround- 
ing this opening vras to degrade and capture n* utrons at 
improper angles end prevent such neutrons from being counted. 

A matrix of boron trifluoride ( Fx- 3 ) counters imbedded in 
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paraffin was placed at, the bottom of thia tank colli *tini tube. 
The counters ere arranged in such stunner that the prob tility 
of counting neutrons -hich entered the counter was maximised. 

BF^ counters work moot efficiently with theraalieaa neutrons. 

oraffin served the purpose of thereulizing the high energy 
neutrons entering the matrix. For more details concerning the 
counting matrix and the water tan*, ce the ih.D. thesio of 
tr. John *i. Gibbons (4). 




FlnurP / 
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Chapter III 
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T'ha equation for the total crct.» section deveio; eci in 
wfcipter X t cT^ * ll/v)ln (K 0 /h }, where <T£ is. the total cross 
section, v is the target bhic’asese, i the mx&her of neutrons 
entering the a* iple, and H v is the attenuated number of neutrons 
t thlckn*3c v, is valid for the eta- • oere sonoer^ic neutrons 
.ir9 used, oi v where is independent of neutron energy, 
actual cro.a section observed ir. trans«.i»sion axt eri; ents is a 
W'.i.htcd sve r*,a v lu« of the cross sections for the difftrent 
a wir gy values of the inciting; neutrons. For purposes of clari- 
fication f 6 ~ v is defined <f^Jlil/vJ In {K 0 /H v }* where le 
the experimentally observed san.pl o out” count corr cte^ for 
back round, and !i v the in” count corrected for back- 

ground and potential scattering. 

continuing effort is exorteo in all axe •cures ent-^ of cross 
sections to reduce the energy spread of the isscoaint neutrons, 
but so. o »' road alt-ays exists. If the eri'ead is snail in com- 
parison witn thw width of a resonance, the aeaaured je*k cross 
section v»iue io almost equal to the true pe-»k cross section 
v-«lu*. if. the spare.. d is large in comparison -1th the *idth of 
the resonance, the caousured pc.-k crods section v**lue is 
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considerably less than the true pea* cross section value. In 
fact, a very narrow resonance might not even bo detected in that 
its email observed peak could bo attributed to statistical error. 

if the true peak cross section value wore uniquely 
determined by the energy at which a resonance occurs, a neutron 
enerfy spre-.d narrow enough to allow .~«re detection of a 
resonance would suffice for oeter»ining the true peak cross 
section value. ctuaiiy several discrete values of the peak 
cross section aro possible depending upon the total angular 
•oo-ntuas quantum number, «l, of the compound nucleus throu, li the 
statistical weight factor, g, explained in Chapter I. Teichoann 
has shown that only a few J values are to be expected as possi- 
bilities (9 )* Accordingly, very goou neutron energy resolution 
is invaluable in determining the true pe c cre;>n section value. 
Also, a good knowledge of the character of the neutron energy 
spread would facilitate evaluation of experimental da to. 

One approach to this situation is to consider tha neutrons 
that are scattered as the beam passes through successive layers 
or thicknesses of a substance. In the case of a normal or 
Gaussian energy distribution of neutrons with average energy 
corresponding to that of tha peak of the resonance*, the probabil- 
ity of being scattered is lo «r on the wings of tin Gaussian 
curve {away fro« the resonant energy/ than it Is near the canter 
of the C aus:*ian curve (near the resonant energy), '.ence, with 
an incoming Gaussian energy distribution, the neutrons 
scattered in thickness v of the substance hava an energy 
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dl*itrib .tloa wtich ia lept.okurt.ic, or more peaked than a 
Gaussian. The dei.ree of kurtocis of this distribution is also 
smaller than that of the reaoni nee curve itself, indicating to«t 
the energy uistribution cux*v« of the ec-ttexed neutrons is more 
peaked than the resonance curve. The unsc ttered neutrons at 
thickness v would have a platykurtic, or broader than Gaussian, 
energy distribution. *fte degree of kurtoois of the energy dis- 
tribution of neutrons between thickness v and thickness 2v would 
be s. aller than that of the energy distribution of neutrons un- 
scattered at thickness v. Detemination of the cross section 
by the formula defining Sapp in the first paragraph of this 
chapter uses a v , the unccattered neutrons at thickness v, which 
have a platykurtic energy distribution. There ie another 
method of determining cross sections, referred to as the 
uifference »-etuod herein, which takes advantage of the improved 
resolutions of the neutrons that are scattered in successive 
equal thicknesses. cross section deter ined on the basis of 
this principle is defined <T5il4X * ( i/ v ) In (K Q - H v /K y - ** 2*), 
where the subscripts refer to the thickness of sample used when 
the neutron count, »•, is obtained. Tke h*s s .ould be corrected 
for potential scattex’ing before insertion into this formula, in 
which ea-e the value is a cross section du© to the resonance 
alone, in the case of aouoergie neutrons, d"odiff * ^app* 

The quantity N c - la the number of neutrons that are scattered 
in the first thickness, v, of the substance; the quantity 
N v - $2v represents the number of neutrons that ere scattered 
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between thickness v and thickness 2v. in view of the improved 
resolution of these quantities, it is anticipated that ^odiff 
is a closer approximation to the true p**k resonance cross 

section, than C p ia. 

nersbacher and them have develoj ed by iieano of numerical 
integration a family of curves from which b x /li 0 can be 
determined, assuming: a C&ussiar. neutron energy Gistributlon (5). 
The other arguments besides are A 1 ir/2«63y t where F 

Is the width of the resonance end y is the stand rd deviation 
of the neutron energy distribution, and B s v^ where v is 
target thickness and CT^ is the theoretical peak value of the 
resonance cross section. Utersbaeher uses the Greek letters °< 
for A,/? for B, and A for y.) The x'elationship ^ tfediff 

^ ^ r app *** *••••* f®*“ validity by entering Lersbacner* s 
curves with various values of A and E. The relationship proved 
to be accurate except for large values of A corresponding to 
very good neutron energy resolution. In such esses <f£diff 
fell below <T^yp in value. The cause of this anomaly was not 
pursued, since the difference method ia unnecessary with good 
resolution. In no case did exeeeci The difference 

a* tho d thus offer© an iiapx'oved approximation to the true peak 
cross auction value. The primary weattnee© of the uifferoncc 
method for-saula in its application is that the error expectation 
i> rather isx’ge in that the r.t£aor»tor and denominator are 
differences of experimentally determined values. It ia particu- 
larly sensitive to a variation in h v . 
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. . . *U e has derived an expr e-ien for » 'sterwining the 

pack cross section value of a resonance tarn, by a self 

«bi.cr; tion Rettod which can be applied oven to a flat distribu- 
tion of neutron energies i#;. ‘etha’a foiuul* applies to tha 
situation in which a thin I syer of resonant ab-- orber or ucatterer 
is placed into a collliactcu be - of neutrons and serves as a 
detector. A ,Y or neutron count ini device *«y be used as a 
measure of the nuabor of interacting neutrons. The transmission 
ratio, z , is measured by placing various thicknesses of the 
3a*e ratcriai upbears frota the detector layer, Eethe'a forwula 
gives this ratio, z * oxp (-33/2) J 0 (iB/2), where J 0 is the 
Cessel function of order aero and B = V <T^, The value of <T~ 0 
car. bo calculated froa the value of B/2 obtained frost the curve, 
since the thickness of the absorber staple, v, is known. The 
method i« applicable only to isolated resonances. 

H 0 - fiy , the numer^tcr in the formula for ^odiff» I s the 
number of xwutrona that ai'o scattered in thickness v, coi*reajond- 
ir.£ to the counts that would be ob erved with the detector layer 
alone in the bears. The difference h v - the number of 

neutrons scattered in the second thickness, corresponds to 
neutrons detected in Bathe's arr ngtstnt. 

if the ratio H v - •**/*• " ir> uaeci •• Z in netfce'e curve, 
a cross section, defined <2^,, can be obtained. This cross 
section should be considerably larger than the true cross 
section, si.ee Lethe's formula is based upon a flat incoming 
neutron energy distribution. The distribution used in these 
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experiment o is considerably better than a flat diatribution. 

cross section, 0~o\)t obtained from Cotne's curve thus provides 
an expected upper Unit to tha value f the true cross section, 
(S~~ 0 » Paths* s formula is baaed upc-i a thin detector layor, 
therefore with thicknesses used in these experiment*, 
an approximate upper Unit. 

• 1th the above facts in ®ind, aa pies were prepared in 
single, double, and higher harmonic thicknesses, oofte of the 
aodiua cross sections were aeasured by using sodium fluoride 
(a*F) samples. Chemically pure powdered ..ah’ crystals vore 
heated to expel any water, v sighed, and compressed in a 
circular die of 1-1/8 Inch diameter, they wer^ canned in brass 
tubing which had a wall thickness of about 1/32 inch. One mil 
silver sheets -ere coldered on each end to maintain the dryness 
of the samples. The samples vers then glued to sample holding 
adapters and bolted to the sample holoer above the water tank. 
Thicknesses of the ftef samples arc given in Table 1. 



Table I. X&? CA/ 1 L THICK* ---L 



ba- pie nunbor 



ha «toKa/cq cm 



1 

2 

3 



0.377 x 10 22 
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Attempts <.«re also made to prepare phosphorus samples from 
red phosphorus, but apparently the samples could not be dried 
sufficiently for use in transmission experiments. 

Fluorine samples were obtained quit© simply by using single 
and double thicknesses of 1/8 inch teflon ( polyfcetrafluorethy- 
lene - CFg)* thickness of l/8 inch has 1.66 x 10^ fluorine 
atoms per sq cm. 

An hermetically sealed metallic sodium sa; pie prepared by 
i*r. A. L. Toller for a previous experiment was also used, its 
thickness was 2.407 x 10*^ atoms per square centimeter. 

The Gaussian resolution curves discussed in the description 
of the difference method provide the basis for a method of peak 
height analysis which was developed by Kerzbacher and Chern (5). 
The three arguments to the curves are H v /N 0> the transmission 
ratio, A 5f/2.8 3y where r is the width of the resonance and y 
is the standard deviation of the incoming neutron energy 
distribution, and B 2 v where v is the target thickness in 
atoms per square centimeter and is the peak value of the 
cross section due to the resonance alone. N y /$ 0 is determined 
experimentally. The thickness, v, can be determined with reason- 
ably good accuracy; a fin discrete values of <T~ 0 can be 
determined, depending u^on the statistical weight f«ctor, g, 
described in Chapter L and the resonant energy. Hence, a few 
discrete values of B can be postulated. . ith an experimentally 
determined K y /K 0 (h y should be corrected for potential scattering), 
a value of can be determined from the curves for each 
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postulated value of B. The correct choice of B should yield 
the sa • value of « when experiments are conducted with several 
different sample thicknesses, other conditions being the seme. 
Therefore, consistent values of for different s&..pl« thick- 
nesses is evidence of a correct assumption of <T~ 0 . 

In addition to the peak height analysis method just 
described, * erzbacner and Chern have developed a method of 
determining the width, f , of a resonance for resonances in 
this enorgy region ($J, baaed on an area analysis of the trans- 
mission ratio curve. The method consists essentially of 
measuring the area between the transmission curve and unity 
over a good portion of the resonance dip. The energy segments 
on each side of the transmission curve .tinlaua must be equal in 
order to cancel the effects of the anti-syrar.etrie interference 
term iri the Breit- iyner expression (see Chapter X). The method 
yields a different width for each postulated peak cross section 
value, The correct choice can be made only if the total 

angular Ejossentuca quantum number, <J, Is known. 

Another method of peak height analysis based upon the 
assumption of a rectangular neutron energy resolution is dis- 
cussed in chapter VI. 



Chapter IV 

t l.jCaDUJUE 

h, beam of protons was obtained by means of the Van de Graaff 
.leetroetatlc Generator, The magnetic nd electrostatic 
analysers were described in Chapter 1. This proton beaa bom- 
barded a lithium target to yield neutrons by tho Li^lp,n)Be^ 
reaction, bince tho angle of neutron acceptance was fixed at 
122° *1°, the neutron energy was principally a function of proton 
energy. 

The first step in the procedure was to check the target 
thickness by means of the standard bismuth sample at tne 12 kev 
bismuth resonance (See Chapter 11). If the target was satis- 
factory, s check of the known 1832 kev forward threshold of the 
i.i^(p,n)Be^ reaction was them cnade in order to caiibrato voltage 
settings on the electrostatic analyser. 

Tho procedure for obtaining data was then to ret the proton 
energy at the necessary level to attain the desired nominal 
neutron energy. The number of neutrons was normalised by 
measuring the integrated proton current hitting the lithium 
target. First a count of neutrons with no sample was obtained. 
Tho amount -of integrated yroton current was selected to yield an 
"out" count of about 4000 to 10,000 in order to r.oep the 
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experi antal terror at about 1-2/a. Kext the samples were inserted 
by the robots control ^eisyn system into the collimated neutron 
path end in" count* were taken. Than another “out" count as 
taken as a chock on stability of experimental conditions during' 
the run at tr.at particular energy, inacruch as analysis of 
experimental data involves comparison and u.e of data obtained 
from different sample tbickneseee, it was desirable that neutron 
counts should be taken with eacn asr.ple thickness in sequence at 
a fiver, energy level in order that experimental conditions ould 
be as nearly equal as possible for all s« pie thicknesses. 

At or near the resonant energy, where the cross section is 
high, thinner samples were used in order to o' tain higher count- 
ing rates when the »a plea were M in. !T Away from the resonances 
the cross section is eaall and virtually independent of neutron 
energy. hlle the use of thin samples yield® high w in w counts 
in such regions, the transmission ratio is very nearly unity 
thereby increasin', the statistical error (in b emsj in the cross 
section. Accordingly, thicker samples were used away fro» the 



resonances. 



chapter V 



v 3 K V v. v v A UI 

©love et *1 deturmlnei ext ••x*iN' Ot-lly th*-w u e . <? k 
cros? section v*lue of the 3 kev re son nee of todiua -.•« 335 
boros. (A bern ic, aqu- re cent it*. . ter* . } "mr value 

correa onus to a <. quantuc mttler of 4. ?»• •xperlnscntsl d *ta 

reported by r rookh.veri jJation^l Libor .tory .7) ia coheir tent 
ith a J value of 1 in th.t nc joint above 333 barn:. w&. ob- 
tained. An attempt V 'C & de to fit tube ©xperi. erst 1 u. t with 
a theoretical curve usinj <r~ 0 * 333 bains, / = u neutrons, 

« x, P * f.V9 kev at 3 kev, and ^ot * **« bams. Fi . ure 4 
shows tnis curve together with various experimental points. i h® 
asyaa-try of this curve Is explained by Uia pi anco of a size- 
able interference tar* for I - 0 neutrons. A width, T , of 
about 0.3? : ev intend of .<*0 kev would probably yiel- 
better fit to e4{«ri.M*nb I cat-, .aile this calculated curve 
fit «»x.erifljer\t*l ’.at quite -ell, it ia iv robeble ti ’-t the 
rescluticn of t\e rookn v .i experi ent •! equir* ent -ouiu yield 
experimental cross sections so cIo- to t -e true pe^k vwlue, 
whic*. ia the cste if pe«k v»iu« of 333 b rns is -ssu-d. 

An att^ept to fit experiment 1 A*v» with J * Z, / * J 
neutron-, and a width, f , of b*2$ kev (the wiflt* found frew 



are* analysis by t * 8roo*hav m roup) yielded v *ry r oor re- 
sults ir» Lhut uch a narro* width is not cons! -tent ith 
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experimental d»ta. idtn of about .33 wangle be needed 



for curve fittin* of exj^eri-entai d-ata in sue « c*se. n are* 
analysis by the method describee in Chapter III of expert' ,**ntal 
data obtained witr aF samples 2 , 3, nd 4 (see . ills i) 
yielded an average -idth, T , of O.34 Jtev for t-.e postulated 
vaJues of J = 2 ana A - O. The v*lue for the widtn at 
resonance oit .ined frora the area method a re*s very wall with 
that obt-ine»A b/ direct curve fitting, . nd the ignier.t 

= 2 , A * ' very satisfactory. do»,«v«r, in oru*r to set 

a detailed fit, it v«a necessary to as.* we the unreasonably hiyh 
** ? barns; consequently, this aasirr ant is see- 
whut less satisfactory than an A • 1 assumption. 

If A * 1 neutrons are postulated, the interference ter® 
ct^n be neglected, but the asymmetry is then exrlelntd fcy the f •. ct 
that the width, I* , varies directly with T. e T reit- igner 

resonance ter 1 ' is then altered to the apyroxiiuation: 



where <Tf e s as in bsrns , 5 is the statistical .eight factor 
.-.a: ter a, is the v#icth at the resonant 

energy in *v, f i» the wiJt- at any energy in . ev, 
neutron energy in . ev, ana 0 is t »o res r.tnt enerr> in . ev. 




( 6 ) 
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• *.y fro- the resonant energy -here (' - Q ) is l*.rge compared 
with r/2, the second terc in the d#;io*it'»tor can be neglected. 
'I^nce , , freo the resonant energy t.ie r - n- ce crc? section 

is proportional to 2 /( - Q ) 2 for >^*1 neutrons, t i ui*« 5 
t-nova an empirical cuive fitted to expert ental acta by a pro- 
porti nality f ctor of 1.8. 

Because of the unceitaiity of t.*e truo pe- a cro»t? section 
value of the 3 k«v resonance of podium, experiments were con- 
ducted with the various thicknesses of • c-dium fluoride 
described in Table j., . Causalau pea.- height analysis of the 

resonance was made in the itanner describee in Chapter 111. 

J valu s of 1, 2, and 3 were tested. Table XI shows the ,? A rt 
values cbt inetl for each axsspie thicknean paired with each 
postulated J valu*. J = O was not coneiuereu, since expH&xiia^ntal 
values of the peak crors section, tf'ipp* we/e fre tcr than the 
theoretical vjlue of 111 Larne for J * . Consistency of 

values for iifferer.t thicknesses ia evidence of a correctly 
routul ted J v lue. Toe results shewn in i fcle I f- vor J * 3 
over J = 2 and C * 1, but the inconsistency for J = 2 is not 
sufficient to rule it out. 4 * 1 ajpe*r unlikely on the b- sia 
of this analysis in ajreeeent wit. the results founa by elove 
and the r rcofc/.avon .roup, and with the ore direct ob*-et vation 
elre-dy discus- ed concerning the nu«niess of ex^eri" ent^l v*luas 
to 333 barns, tic peak cross section values for «J « 1. 

valuation of this resonance by i-stbe‘8 self absorption 
method deeci-ibed in Chapter ill waa also made. f n. up, er limit 
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labie II. 



n KUCeT • tr THt 3 ; v^>V 

C-y.-LI’- - ..i 3TSi.MTIC.fl 






-a ~plo thickn* as, 
Ne fitoiaa/aq cm 


1 


A 2 


*3 


0.37? x 10 21 


0.45 


0.26 


0.20 


0.7t6 x 1022 


0.35 


0.27 


0.16 


1.533 x 1022 


0.33 


0.22 


0.18 


3.02? x 1022 


G.28 


0.21 


0.18 



* A s r/2. 3y where y Is standard deviation of neutron energy 
distribution. 

*.ubscri j.ts correspond to d quantum numbers. 

Consistency of v&lues for different sa pie thicknesses ic 
evidence of correct 0 value. 



* 82? fcams vrae obtained by this method} J “ 1, 2, or 
3 are possibilities, but J = 3 baa * 772 barns, which Is 
closer to 027 barns tnsn is nomaily expected. 

if H * 1 ie postulated, experimental ***ta c*n be adjusted 
for tbo variation of the width, T , with the energy by raising 
the transmission ratio, N v /fi 0 with h v corrected for potential 
sc'ttering, to the po er i;ths obtained from an *re 

analysis of thtse adjusted tr *nss.ission r tios are tabulated in 
Table Hd together #-lth idtt.8 correspond in to tha proportional- 
ity factor of 1.8 used in the empirical curve in ?‘ifure 5. 

iscrepancies in tne values obtained by the t o .set oJ- could be 
duo to the fact that the analyses ere •* de with t-o diffe;er.t 
set -f exporin -nt 1 dst- with slightly clfferent energy scilts. 
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Table lie. . , P , ■ / . 3 

. 'I ,MU i t. i. V u-,l- ‘ i* . . 1, 2, 3 

f • » . jX . > »■*. «• • «• •*»» *L 

P1TTIK0 . K . . L . 1 >• 



J value 



/* by area analysis, 
k* v 

P by empirical 
formula , using 



res 



1. f 



C - 



*> 

\2 



J s 1 

0.3!? i 0.04 
0.44 + 0.04 



J s 2 

u .26 ♦ C .04 
£ . 34 * v . 



J = 3 

0.22 * .03 
0.2 * o.03 



rea analysis by korsbacher-~harn method with experimental 
tr ns. .issicn ratios corrected for variation of width with 

neutron energy, T • 

limits in values stated because of ur.cei'tainty of 0 . 



sugary of the results of experiments both by myself and 
by others on this resonance is . tven in Table IXI. The -assign- 
ment of quantum number J = 2, in s>,r8C ;ent with .relove ot al, 
and angular quantum number JL * X aee.«»s most consistent. It is 
hoped that angular distribution studies will clarify re> ining 
uncertainties. 



?x 

'.-tie III. tU>J I Y t 3 • -V -c 1CJ* — Oh .» vj . k*j i I . i‘i. 



J 

postulated 


<tT£ % barns 
theoretical 


assumed 


A*Aarr.s 


n 


111 




1 


^x P high 


1 


333 




0 . 1 


uonai-tent *ith shar*; 
peak height analysis 
inconsistent; 
too high. 


2 


355 




0 , 1 


Consistent with shape, 
peak height analysis, 

^exp* 


3 


775 




1 


; oat consiitent with 
peak height analysis 


'.Jpper liait of 


' <*7b> 




•S27 barns 


inlmisi value 


of ^ - i.rookhaven data 


300 barns 


Value of 


obtained 


by ^elove 


555 barns 



Figure 4 
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chapter VI 

Tri. 53 K'V ->>dc is? wOU-U*. 



n area a^alysi* of the 53 kev aodiw* resonance vaa (<ade 
by the method described in Cnapter Ixl '4th date obtained fro-, 
a neutron tran*-4&8icn experiment uair.r a 't llic aodiua 
e.. pie of thickness 2.40? x 10^ atc*js par square csnti *©ter. 
nesults of this analysis are given in fable IV. The lowest 
value of the tr nsalosion ratio obt.ined wit a the st*nd'.rd 
bismuth scr.pl© at tue 12 fce\ bisnuth reconance peak mls u. 52 . 
This vlue was determined in setting up the experiment, and, in 
general, ret tne requirements of lithium target acceptability 
described in chapter II. 

Tablo IV. iDTK~» OF TJti 53 KaV* -^LIU*. h&JCii 'Oh FtW 
A . ■»4*?<ACH3 ..-JihJdi ALItxO 



J 

postulated 


pp bams 
aejclnuzs 


tarns 

theoretical 


•T kev 

calculated 


1 




IS.? 


1.70 


2 


14.2 


31.4 


1.03 


3 




44.0 


0.73 



dT, ot of 3*7 bsnst assumed in determining . 
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atterfio n fcas determined tlO» t .at the .ua.itum number J for 
this reopaarce should be equal to or lee* t \na }, J « o wss not 
considered, since values of p obtained exceeded 0.3 bams, 

the theoretical value of ^ for J 2 0 . 

A transmission experiment mas conducted at the s»«e liaeo ot 
53 kev with h&t sample* number 3, 4, and 5 (see Table X). The 
nearness of the 49 ker fluorine resonance complicated analysis 
of d..ta obtained at 53 kov with the . a. oa-pieo. la ble V sho*s 
the results of analysis of this experiment by the elfference 
ethod de> cribed in chapter XXX • 



Table V. 



A/.ALTSi: Oi* 53 h V lihwUbAiltli 

t-Y T2>t uIrh'^.. .Ch ...Thw 



<^odiff with samples 3*4 * 1.7 b 2 o.l bams 

^^odiff -ith samples 4 4 5 + 1.0 b *7*3 bams 



rf^Tpp with sample 3 (at peak) 
^app with ear pie 4 1 at peak) 
<rj pp with sample 5 (at peak) 



15.7 bams 

14.4 barns 

11.5 bams 



(T^ot of souiua assumed 
^ of fluorine assumed 



3.7 barns 

5.7 b+rns 



<r^|, upper limit, samples 3*4 
upper limit, sauries 4*5 



47.0 barns 
52.2 bams 



upper limits were determines from Bathe’s aelf-ebtorption 
curve. 

a-plo thicknesses are given in Table 1. 
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inc® tb« value® of axce«a I®. 9 barn*, the theoreti- 

cal value of <r£ for J = 1 , t :e choice of 1 ia n»rro*«ed to J * 2 
or J = ). «»a heirht analysis, Caus i an resolution, was id® 

by the ««thod desciibed in vlsapter ill in order to chooca bc- 
t sen J values of 2 and 3. Tnc results of fchiis analysis re 
riven in Table Y*.. J ~ 3 »««*•» »ore cor.aiotent tnan J * 2 in 
that the values are wore consictent for cifferent target 
thicknesses. 



Table VI. f UK HUGH? ASlLTalb 0/ TAL 53 

U-cIU* t GAlG,,X*Si Si- utUTiW** 



i a pie thickness, 
lia atoms/sq era 


A^ 


A 2 


A 3 


1.533 x 10^2 


1.45 


0.47 


0.29 


2.407 x 10 22 


1.05 


0.43 


0.23 


3.C27 x 1022 


1.05 


0.42 


J.28 


5.941 x 10^2 


0.70 


0.3^ 


0.28 


verare v*lu« of 


y for all thick- 
nesses, kev 


0.37 


C.85 


0.9S 



* A * P /2.i?3y >»here y is stenci%rd deviation of neutron energy 
distribution. 

v.ub cripcs coixesjond to J quantun numbers. 

Consistency of values for different sample thicknesses is 
evidence of correct J v’llue. 

Avers £« y values b-sed on idths tabulated in Table V. 



34 



r.other apf roue.* to tue problem of corrcctini date for 
neutron energy distribution is to consider the effect of the 
2 degree spread lr. tne angular acceptance of neutrons. ..van if 
jaonoer ic neutrons more obtained from t:.e lithium target at & 
particular angle, neutrons counted still ave an energy spread, 
since neutrons are accented for counting bet*. car. 121 degrees 
end 123 degrees. In the case of monoergic neutrons leavi u the 
lithium tsrj et in the center of mass syste-, the energy distri- 
bution of neutrons counted would be more or less rcctan* ular in 
shape, ribbons has calculated the energy a; r*#ad as a function 
of neutron energy at 12* degrees for the tank arr »nge»«ni used 
at wuke l diversity (uJ. ? ersbacner has plotted a family of 
curve® «hich yield the expected transmission ratio which weuld 
be observed at a particular resonant enar y with a ract .npulor 
neut 2 v on energy distribution of known energy spread. Jhese 
curves may be used to calculate the expected value of the peak 
crons section provided a~^ li.«. the total angular momentum Ji, 
and width T ere known. If the assumptions of P and <T~^ are 
correct, the value of the cross section obtained by euch a 
determination should be the •axiaiui value obtainable with the 
experimental equipment at Luke University. This method of 
analysis can conceivably eliminate aone J values for a /'iven 
resonance. 

A peek analysis bei-ed upon the assumption of a 

rect an ruler neutron energy distribution as *<*do of the- 33 * ev 
aodius resonance. Table Vul sho-s tie results of this analysis. 
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obt Used fro« C. bbbcn’s curv# (>>) ic 2,1 *ev. 
ialysis based u, oa widths of T r 1.03 «ev for J * 2 ard f * u.78 k<sv for 
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in this tabular f— uy, value* of th* peak cross section due to 
t-.e resor.a: ce alone are listed. x,*ri>.«ntal values are com- 
pered wit. calculate values which are obtained by coirectir.^ 
for a rctten*uler neutron energy uistributlen with the aid of 
Xerscbee er’s curves. Tne calculations v-ere based on width 
values, r , from Table IV and both possible J values aa Isdi- 
C'ted in Tables V and VI. Tue lowest value of A width of the 
recta gular energy distribution in kev, which was used in the 
analysis was obt incd from Gibbon’s curve [i t J. Larger values 
of A wei also used, for Gibbon’s curve is baaed upon the 
assumption of tttonoeryic neutrons in the center of J&ass system, 
•tence, larger values of Am. are to be expected bec*.use, even 
in the center of mass systew, a spread in neutron energies is 
present due to proton energy spread and target thickness. 

comparison of calculated values wit.. experimental values in 
T'bl© VaI aakea J = 3 »or* plausible th *n J - 2. -hile the 
cross sections obt Ined with each sample thickness can be ..ado 
to fit experimental values {with judicious choices of A } for 
both J values, it is to be noted that tne calculated change 
in cross section* for different target thicknesses ia more 
consist •’’"’t vritn experimental values for J = 3 thar for J * 

Alt » cross. sections obt ined from the difference cet .od ere 
considerably acre c^noicteut for J - 3« ccoroingly, J * 3, 
ia f vored ever J = 2 on the basis of this system of analysis. 

In conclusion, the value J * 3 witi a stAk, P , of t’.7C 
kev see.: a to be th« value meet consistent with all data, i .e 
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value J * 2 witu a »*idth, T , of 1.03 *ev car.noi be ruled out, 
however. J * > and J = 1 -re i consistent in tr-at experimental 
croJa actio: values exceed t*.e theoretical v.. lues for such 
quantum numbers. J - 3 i3 core consistent than J = 2 in peak 
height anal>sv3 based upon boti Gauss -1 an rui rectangular neutron 
energy distributions, as shc«n in iabl-3 VI a.;d ¥11. 

n sasifr.c jftt of J * 3 for this leval ia olso indic£.t«d by 
the differential cross section Ac- sure ents of . o. Slock (n). 



VII 



T » . . . . i i. „ w. 2? • , 4V ' V, 1<\, V 

* aly e* *ero ••»£« of t!> 27 *ev, t».e **y «ev, »r.a the 100 

k*v resonances of tiuesinc by Ibe differ* .*ce et-'oa »nd the 
*uo:i<a resolution e - analysis .tottod describee in 

III, and ilce by ths rectan.ul’r resolution i-^tuod 
described in ..rojrter VI. istt*rson b*.- &**jvsn t.at a is ©qu&l to 
or loss t '*r < for *ec:i of treec ret/uance* i X0,' . 7vo teflc^ 

(- 2 ^ » • 1" a *o*o used in t"*?se ©*}. erics nto — ow • of 1,/fl incr. 

O'Jt 

in thickness correr ponding to l.oo x 10*** of i iuorine 

f«r square c«nti*.-t©r, and on© of 1/4 inch in U*ickn*-ua 
corres onbi to 3*3-«- * 10**- fluorine &to -a f«r square centi- 
‘•.ter. >.ch of these ©<< lea h*.. &lf c ^ny c-.rbon *tc»3 >s 

fluorir, . .tows, -he mini*** v*lue of the bio uth tr »n« ••iariun 
r.tio curve <*t If hev w-<s found to be u.31 for t «o lit iiuaj 
target. . ot«ntl*l scattering cross i- ct. o:.a of 3»» terns for 
fluorine and 4. ■ bams for carbon -ere «souts«d in evalusti i\§ 
tnese resonances. 

'-■I© Vi II lit* t:*e possible tneoreticai *k of tne 

cross s ctiorts aue to r®so r*«nee tents xor.s for J values of 0, 

1 -nc 2 for e'.c of the * t tree resort >nce:-. 

able <• kl vs tne result of a aua ian ' vi»ht 



39 



Tabl« 


V 1 i . . 

, .. . . . t:. . v \ •• 27 v, 

T? j. 49 • , T1 IOC . V F. • klftt 




0 k,3V 


barns ^0 ^ arn J" 

J = 0 J s 1 


< 7 ^ b-*ma 
J = 2 


27 


<-4» 5 73 • v- 


122.3 


49 


13.6 4 o .8 


6 ' .1 


100 


6.7 20.0 


33.3 



Table 11. 1 . 1 ■ i ¥ 

k*. (,'ti-vl ’•* 


1 . iik, 27 £ rib 1 VI 


Teflon thickness *q 


A 1 *2 


1A‘ in 3 

1/4 in 1.0 


Q»2y O.lu 

0.26 0.17 


-ver < e value of y 
for both thicknesses, 
kev 


0. 55 0.61 



r * * f/2.*53y *bero y Is st* r.d&ru deviation ol’ neutron energy 
dittrilution. 

cubtcriits corres r ona to J quantum numbers. 

'onniste: cy of i values for different s;i ;ple thicknce es is 
evidence of correct J value. 

»VGr<fo y values t-»ed on * U.40 and T 2 s 0-.19 kev. 
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analysis of f.e 27 kev fluorine resonance. T :« value J ® 2 ^ 4.3 
wost coi’sisterit since is s.ost coneictent for t*4 two thick- 
ne S'.'S. «? * 1 re tains is a definite possibility. 0 ~ is 

definitely eliminated ,s a possibility. iiUm »ere obtained 
froc; the finuinits of lattoracn (10/. 

wblc shows the results of « rectangular resolution i-esK 
height •nalyais of toe 2? kev fluorine reearer.ee. T A i used 
<v#s 1.33 kev, eo-p*red to 1.46 obtained fro<- Gibbon's curvo {., . 

J = 2 am*s tore consistent tnen J = 1 on the b-siss of this 



lable 

1 . — 



it.:* 

t . . i> V. 



nut*. i tAfeYs/i. v> ;n. 27 >.v >u'u*iuu 

WU ui- U : 0a *. - • JT \GU : * W ! <7T i C* 

•jit :xpl vu . 7 >.* RiriwV 





<r- 

exy erijaen tal 


for ^ = l 


for d = 2 


*Oth, 

diff. south. 


£i.9 £ 1.5 


2V. 3 


5>2.0 


l/S Inch 
teflon 


24.8 


23.7 


2 .2 


1/4 inch 
teflon 


19.4 


22.4 


23.4 



AH values of <Tq are f«-k values due to the resonance tora 
alone. 

£ obtained fro.a Gifebott*# curve 14) is x*33 kev. analysis 
b«s«d upon widths r * .>.40 k«v for J * 1, and F * u.2y for 
J * 2 os determined by letter con 11C). 



analysis* The theoretical values obtained should be the hi. best 
possible value-* that could bo obtained exp rir.entaliy, since 
they are b^sed upon conoergic neutrons in the center of .-ass 
system. Two out of three of the values ofct inea exp< riaintally 
exceed the values predicted upon the basis of J = 1. The experi- 
. ental value obtained by the difference method exceeds its 
thftoietical counterpart for J = 1 by a considerable amount, but 
agrees fairly closely with the corresponding value for J = 2. 
hence the value J ■ 2 seems ©ore plausible than J = 1 fros this 
method of analysis. 

Table XI ives the results of a Gaussian peak height analysis 
of the 49 kev resonance. The value <$ « ii was not considered 
since exceeded the theoretical value of 13* G bams for 

J * idthe used in this analysis wei those determined by 

lattersoti ^ by area analysis, ho definite conclusions can be 
drawn from tills analysis. 

n analysis based upon a rectangular resolution was ^ade of 
the 49 kev resonance in order to choose between J = 1 and J = }. 
Table ill shows the results of tills analysis. The amount of the 
energy spread obtained from Gibbon’s curve t«*/, A* - 2 kev, and 
higher values of A. .®ro used. Theoretical pear crocs »*etio: 
values computed on the bases of J : 1 and J * 2 agree with 
values obtained experimentally with .ore or lens equal con- 
sistency. Accordingly, no cr.oice between J = i an-* J = 2 can be 
* de on the basis of this analysis. 
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Table X: . H-xOSiT 


A4AUM. U lh, 49 *^V 
GaUajl.’.* ti'.'. i.l bvTlvtt 


fiAi’-kUa. 


Teflon thickness 


A 1 


a 2 


1/6 in 


0.63 


0.31 


1/4 in 


C.CO 


0.34 


vera.e value of y for 


both thicknesses, kev 


0.62 


1.10 



* A s f/2.63 y vher© y is standard deviation of neutron 
energy distribution. 

Subscript* correspond to * quantum numbers, 
onsistoncy of values for different sac.pl© t icknesaen is 
evidence of correct j value. 

Average y values b-sed on f! = i .42 and = G./7 kev. 



Table x*l. K .'aO»jT A4ALT3X.. -7 TiU *9 K/» /LU 'x XM 

v '-V * ^ *<w t.£» ’ 1 » C.. 4 v • uT ujw .. 4 -»U / u.tN 

44 .»>CT Jl^TRIBirriOJi 



0*: pie 


*7> 


d'o for 


<T^ for 


<Tq for 


for 


CXpe 


J*l,4u*2 


J-l ,A~*2.S 


J“2,Ac.*2 


J*2,A~*3 


Otfi, 


37.2 t 


39.5 


26.0 


47.5 


43.5 


diff. 

method 


1.2 










1/e in 

teflon 


24*4 


27.1 


21.5 


35.0 


25.9 


1/4 In 
teflon 


22.4 


26.5 


20.5 


30.6 


22.1 



* 11 v lues of ^ are peek values due to the resousnee t.*u» 

alone. 

A- ott-ined fro* Ci ton*c curve (4) is 2 *ev. 

Jysia based upon ^idons T* 1.42 kev for J s 1, and T= 0.97 
for J = 2 S3 deter ined by lattorsox l 10}. 
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Table id 3hon r s the tosuite of « Geusaien *#•••■ L*i/*ht 
analysis of the 100 *.©v fluorine r* son* nee. ihe value J * 0 
-mis net considered, since tT^pp excee-ed 6.7 barns, the 
t ^oretie-1 value corrc. tcniin*„ to J = , If.* value «J s 3 w « 

also considered as a test of the aetuod. vf the three J values 
i.mci, J = 2 eoet consistent fro-s. this -etuod of analysis. 

*. e were obtained f roa the thesis oi i-r. . ; utterson 10 ) . 

rect*n(uiar neutron energy distribution ia . crc likely 
than a Gaussian distribution at 100 kev. ccordinrly, a rec- 
tum ular distribution vsak height analysis was tasde of this 
resenmeo. This analysis yielded strikingly ood remits wnich 



i able j *XI • 



I K K *ICKT 



.•-SAursii. of im. ioo t v 



vj.u (.Iks 



Teflon thickness 


’*1 


h 


A 3 


l/ 1 * in 


1.63 


w.$l 


0.33 


1/4 in 


1.90 


0.33 


0.37 


vero .,0 value of y 


for both thicknesses, 
kev 


2.0 


30 




* - F /2.63 y where ? 

distribution. 


f is fc.ta r id*rd 


deviation of neutron 


«ftv rgv 



subscripts correspond to 0 rywntua numbers. 

Consistency of ? values for different sample thlc*neiaea is 
evidence of correct J valuo. 

• ver«ge y values but' ad on A * 10 st»4 * 3 kev. 



44 



jrave atroni evidence that J - 1 is the correct am.ular momentum 
quantum number. Table ilv ©fio*.s the result of this analysis. 

xperiraentel values agreed very well tilth those co:;jute-J ou the 
b sis of J - 1. 



Table UV. 1--AK HEIGHT ANALYTIC. of liu, 100 K».V « UTa, 
.fiiiAAWGA Ba^SL vi O.. 1 KuGT -dtlUh K WTft*j# 
sfiiilOT a.TiaBUlION* 



ll 



st 



us plo 


cr o 

exp. 


for J * 1 


for f * 2 


Poth 
diff. 
■•© thod 


14.7 t 1.0 


14.0 


30.8 


l/8 in 
teflon 


17.7 


18.6 


30.8 


1/4 in 
teflon 


17.7 


19.4 


30.6 



'll values of <f~^ are peak values due to the resonance terra 
alone. 

AL obtained from Gibbon's curve (45 was 3*33 kev. 

tlysis based upon widths f* 10 kev for J = 1 and T* 5 
kev for J * 2 as determined by Patterson (10). 



susaaary of the results of experiaontai analysis of the 
27 kev, 4 V kev, and 100 kev resonances of fluorine is given in 
•rafcl© iV. 
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Table aV . JuteJi.Y 0# TH* 27, 49, Ab 100 a ¥ 

•i*-.-- - tiwt, L? ' 4.4'lX.xl 



« sonant 
energy, 

o» fe(5V 


<r~ 0 exp 
barns, 
li .its 


J 

Assumed 


*1 

Theoret- 

ical 


As -arks 


27 


5 .9 


0 


24.5 


<r~ exp too hit h. 




141 


1 


73.4 


consistent. 






2 


122.3 


oat consistent. 


49 


37.2 


0 


13.6 


^ exp too high. 




73 


1 


40. S 


Consistent. 






2 


63.7 


Consistent. 


100 


17.7 


0 


6.7 


<*© exp too high. 




39.2 


1 


20 .0 


i out consistent. 






2 


33.3 


feasible, improbable. 



*wpper limits of <*"o exp determined fro* 3elf-abeor, ti on curve 
of Pethe. 

Lomr Halt* of <r~ 0 exp are highest experimental values 
observed. 



In conclusion, the value J “ 2 acorns most consistent for the 
27 kov fluorine resonance. J « 0 is ruled out for this resonance 
because exp* iraental values of the cross section exceed the 
theoretical value, leak height analysis baaed upon a Gaussian 
neutron energy distribution favors J = 2 slightly over J = 1, 
cfek height analysis based upon a rectangular resolution favors 
J - 2 over J = 1 so; ewhat more strongly. ccordirw ly, J * 2 see a 
the ®ost prebabie value. 

In the esse of the 49 kev fluorine resonance, the assignment 
of J * 1 or J * 2 see-, equally justifiable. The value J = - is 
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ruled out, sine© experimental cross sections exceed the correspond- 
inr theoretical value. 

The assign', ent of total angular quantum number J = i is xoot 
consistent for the 1CX kev fluorine resonance based u}xn ell 
methods of analysis except th© Gsussicn peak height analysis, 
ven in that c se, J * 1 is feasible. 
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